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Summary

1. The meaning of p value in interpreting trials results

2. How to measure a treatment effect

3. How to compare treatment effects



The meaning of p value

Rituximab in PPMS (Olympus1) Ocrelizumab in PPMS (ORATORIO2)

N=147
N=292
HR=0.77 (0.54-1.09), p=0.14

N=244
N=488
HR=0.76 (0.59-0.98), p=0.03 

1Hawker K et al, Ann Neurol 2009
2Montalban X et al, N Engl J Med 2017



Questions (1)

Select the most correct sentence:

1. These results show that in PPMS Ocrelizumab is better than placebo, while
Rituximab is the same as placebo

2. The two trials showed that the effect of the two drugs on disability
accumulation in PPMS patients are very similar. What is different is the sample 
size.

3. The 2 trials showed that the two drugs have opposite effects on disability 
accumulation in PPMS since the p value are very different.

4. The results of the 2 trials cannot be compared.



The meaning of p value

• The p value is a probability
• It is a number between 0 and 1, it is not a binary number

(YES/NO)

p value: probability that the difference observed between the 2 drugs
tested is by chance

The probability of the result observed if H0 is true

If p is small, we reject H0 and say that the difference is due to an 
effect of the drug



Consequences

The p value depends on sample size

OLYMPUS trial: RR=0.77, p=0.14

Rituximab reduced the risk of progression by 23%. The probability that this result
is by chance (and the drug is the same as placebo) is 14%.
Sample size: 439

ORATORIO trial: RR=0.76, p=0.03

Ocrelizumab reduced the risk of progression by 24%. The probability that this 
result is by chance (and the drug is the same as placebo) is 3%.
Sample size: 732



Consequences

• A non-significant result DOES NOT imply that two treatments 
are equally good(bad). 

• A non significant result indicates we were not able to show the 
superiority of one drug over the control drug in that experiment 
(we cannot exclude that the 2 drugs are the same)

• This can be because the drug is not superior to the control drug 
or because the study is underpowered to see the effect



The meaning of p value

CHAMPS study : IFNbeta1a vs placebo in CIS patients

Primary endpoint: time to conversion to CDMS

Result: IFN decreased the risk of conversion of about 44%:

HR=0.56, p=0.0016 
(n=376 patients)

Jacbos et al, N Engl J Med 2000



Subgroup analysis

O’Connor P et al, Clin ther 2003



1. I cannot interpret these data

2. IFN is effective just in patients with monofocal
presentation and more than 9 T2 lesions at
baseline

3. There is no evidence of differences of effect of 
IFN in the studied subgroups

Question (2)

How do you interpret these results ?



p=0.42

p=0.90

p for interaction

Subgroup analysis



Take home messages (1)

• Comparing p-value to comparing treatment effects has no 
meaning

• A non significant p value does not imply equivalence

• A trial givng an HR=0.80 p=0.04 and a trial giving an HR=0.82 
p=0.06 gave very consistent results (not opposite results!!!)
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Example: NNT to compare treatment effects

NNT: number of patients I need to treat to avoid 1 event (relapse).

Exercise: comparing the NNT between sc-IFNbeta-1a and Fingolimod (data from clinical trials)

The number of patients we need to treat to avoid 1 relapse is
3 for sc-INFbeta-1a and 5 for Fingolimod

Annualized relapse rate over 2 years

Trial Placebo DMD
Absolute 

reduction
NNT

Relative 

reduction

SC IFN-1a 44 g 

(PRISMS 1998)4 1.28 0.87 0.41 3 0. 32

Fingolimod 0.5 mg

(FREEDOMS 2010)
0.40 0.18 0.22 5 0.55



Questions (3)

Which sentence is right?

1. NNT is not a useful measure for comparing treatment effect size 
since depends on the frequency of events in the control arm

2. This analysis shows a superiority of IFNbeta-1a vs Fingolimod not 
emerging with other measures

3. This analysis was possible due to the common comparator (placebo)
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Measuring treatment effect

• Relative measures
- Rate ratio, Relative Risk, Hazard Ratio, Odds Ratio

• Absolute measures
- Absolute difference, Number Needed to Treat



Annualized relapse rate over 2 years

Trial Placebo DMD
Absolute 

reduction
NNT

Relative 

reduction

IFN-1b 250 g 

(IFNMSSG 1993)
1.27 0.84 0.43 3 0.34

GA 20 mg 

(Johnson 1995)
0.84 0.59 0.25 4 0.30

IM IFN-1a 30 g 

(Jacobs 1996)
0.90 0.61 0.29 4 0.32

SC IFN-1a 44 g 

(PRISMS 1998)
1.28 0.87 0.41 3 0. 32

Natalizumab

(Polman 2006)
0.73 0.23 0.50 2 0.68

Fingolimod 0.5 mg

(Kappos 2010)
0.40 0.18 0.22 5 0.55

Teriflunomide 14mg

(O’Connor 2011)
0.54 0.37 0.17 6 0.31

Dymetil fumarate 240 

mg (Gold 2012, Fox 

2012)

0.40

0.36

0.22

0.17

0.18

0.19

6

6

0.45

0.53
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Measuring treatment effect : NNT

The NNT is a measure largely used in oncology

It is an absolute measure of treatment effect

NNT = 1/ Absolute reduction

Example: AFFIRM (Natalizumab) trial – Relapse rate

Absolute reduction = 0.73 – 0.23 = 0.50

NNT= 1/0.50=2

One can say that treating two individuals with natalizumab instead of placebo 
would prevent one relapse
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Relative vs absolute measures

Is half a chicken 
enough?

It depends…

…on the chicken size
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Relative vs absolute measures

• Absolute measures strongly depends on the baseline risk: 

Disease activity in placebo groups was much higher in older trial than in 
modern trials:

PRISMS1 = relapse rate of 1.28 reduced to 0.87 in the treatment group.  
Absolute difference= -0.41

FREEDOMS2 = relapse rate of 0.40. The maximum achievable reduction (100%) 
is lower than -0.41

1. PRISMS 1998 The Lancet – 2. Kappos et al, 2010  NEJM



Relative vs absolute measures

• Relative measures better reflect a treatment action and are less
dependent on the baseline risk

Annualized relapse rate over 2 years

Trial Placebo DMD
Absolute 
reduction

NNT
Relative 

reduction

GA 20 mg 
(Johnson 1995)1 0.84 0.59 0.25 4 0.30

GA 20 mg 
(CONFIRM 2012)2 0.40 0.29 0.11 9 0.28

1. Johnson 1995, 2. Fox, 2012 
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Measuring treatment effect : NNT

The NNT strongly depends on the risk of the reference group.

If the event is rare we need to treat more patients to avoid 1 event.

NNT can in fact be expressed also as

NNT= 
1

𝑅𝑅−1 ∗𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑟𝑎𝑡𝑒

where RR-1 is the relative reduction
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Measuring treatment effect : NNT

Suppose we have the “cure” for MS, a drug that eliminates all relapses 
(Relative Reduction=100%).

We test this drug in 2 populations: early MS and aggressive MS.

RR=100%
NNT=3

RR=100%
NNT=1

R
e
la

p
s
e
 R

a
te
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Example: NNT to compare IFNbeta-1a and Fingolimod

Annualized relapse rate over 2 years

Trial Placebo DMD
Absolute 

reduction
NNT

Relative 

reduction

SC IFN-1a 44 g 

(PRISMS 1998)4 1.28 0.87 0.41 3 0. 32

Fingolimod 0.5 mg

(FREEDOMS 2010)
0.40 0.18 0.22 5 0.55



Take home messages (2)

• Absolute measures strongly depend on the value of the 
outcome variable in the reference group, while relative 
measures do not.

• Relative measures are better to assess and compare the 
efficacy of treatments.

• Absolute measures (NNT) are better to take decisions in 
a clinical setting, since the same relative effect can have 
a different absolute impact in patients with a different 
baseline risk
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The meaning of p value

Rituximab in PPMS (Olympus)   Ocrelizumab in PPMS (ORATORIO)

N=147
N=292
HR=0.77, p=0.14

N=244
N=488
HR=0.75, p=0.03



Questions (1)

Select the most correct sentence:

1. These results show that in PPMS Ocrelizumab is better than placebo, while
Rituximab is the same as placebo

2. The two trials showed that the effect of the two drugs on disability
accumulation in PPMS patients are very similar. What is different is the sample 
size.

3. The 2 trials showed that the two drugs have opposite effects on disability 
accumulation in PPMS since the p value are very different.

4. The results of the 2 trials cannot be compared.



Question (2)

How do you interpret these results ?

1. I cannot interpret these data

2. IFN is effective just in patients with monofocal
presentation and more than 9 T2 lesions at
baseline

3. There is no evidence of differences of effect of 
IFN in the studied subgroups
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NNT to compare IFNbeta-1a and Fingolimod

Annualized relapse rate over 2 years

Trial Placebo DMD
Absolute 

reduction
NNT

Relative 

reduction

SC IFN-1a 44 g 

(PRISMS 1998)4 1.28 0.87 0.41 3 0. 32

Fingolimod 0.5 mg

(FREEDOMS 2010)
0.40 0.18 0.22 5 0.55



Questions (3)

Which sentence is right?

1. NNT is not a useful measure for a comparison of treatment effect 
size since depends on the frequency of events in the control arm

2. This analysis shows a superiority of IFNbeta-1a vs Fingolimod not 
emerging with other measures

3. This analysis was possible due to the common comparator (placebo)
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Conclusions

• P values alone are not enough to evaluate the result of a 
trial

o Consider the design (sample size) 
o Look at the effect size (with confidence intervals)
o Evaluate the null hypothesis tested (subgroup analysis)

• Evaluate how a treatment effect is expressed (relative or 
absolute measure) and take into account the baseline risk
when making across tials comparisons.


